Symptomatic pleural collection of cerebrospinal fluid is a rare but accepted complication in hydrocephalic paediatric patients treated with ventriculopleural shunts. Few cases have been described in adults, usually as complication of trauma, tumours or spinal surgery, particularly post-laminectomy. It should be considered in the differential diagnosis of pleural effusion after neurosurgical procedures involving the spine. We describe two patients with large cerebrospinal fluid collections in the pleural cavity caused by postoperative duropleural fistula, who presented with neurological symptoms, cerebrospinal fluid pressure headache and meningitis.
Duropleural fistula is an abnormal communication between the pleural and dural spaces caused by trauma, surgery or neoplasm. Since first being described in 1959 by Milloy 1 , few cases have been described in adults. We present two patients with large pleural effusions following transthoracic discectomy who presented with neurological symptoms.
CASE HISTORIES Case 1
A 57-year-old woman with progressive paraesthesia and gait abnormalities underwent magnetic resonance imaging (MRI) of the spine. A herniated disc (T6 to T7) was found, with a large mass centrally in the spinal canal compressing the medulla (T9 to T11). Angiographic MRI showed a dural fistula. A left transthoracic discectomy (T9 to T11) with corporectomy (T10) and repair of the dural defect was performed. Ten days after hospital discharge (15th day postoperatively), she presented to the emergency department complaining of nausea and sweating. Chest X-ray revealed a moderate-sized pleural effusion. She underwent video-assisted thoracoscopic surgery and 1500 ml of turbid fluid was drained. The laboratory work-up of the fluid was as follows: lactate dehydrogenase (LDH) 400 U/l; pleural protein 14 g/l; serum protein 49 g/l; pleural glucose 4.3 mmol/l; serum glucose 5.9 mmol/l; white blood cell (WBC) count 2.3×10 9 /l (40% neutrophils). Postoperative chest X-ray showed complete expansion of the left lung. A week after the procedure she developed headache, fever and high output from the chest tube.
On physical examination she was febrile, respiratory rate 18 breaths/minute, blood pressure 120/70 mmHg, heart rate 100 beats/minute. Examination of the respiratory, abdominal and cardiovascular systems were normal. She had diffuse headache with neck stiffness and no focal signs. A chest computed tomography (CT) scan displayed left pleural effusion.
Laboratory findings showed the following: haemoglobin 79 g/l, WBC count 9.3×10 9 /l; platelets 530×10 9 /l; renal function and electrolytes were normal. Cerebrospinal fluid (CSF) sample: WBC 0.49×10 9 /l (80% neutrophils), glucose 0.72 mmol/l, protein 5.6 g/l and lactate 6.3 mmol/l (reference value <4 mmol/l). Antibiotic therapy was started with ceftazidime plus vancomycin.
Radionucleotide myelography (99mTC-DTPA) revealed a duropleural fistula (T9 to T10) at four hours and radioactive marker in left pleura and chest tube at 24 hours ( Figures 1A and 1B ). She started medical treatment (acetazolamide plus intrathecal catheter) without response and hence underwent surgical repair of the dural defect. CSF culture was positive for Pseudomonas aeruginosa. She completed a course of antibiotics and was discharged six weeks later without neurological deficits. 
Case 2
A 58-year-old man with a history of dorsal pain underwent MRI of the spine. The image showed a paravertebral mass with infiltration of the 12th dorsal vertebra. The diagnosis of an adenocarcinoma metastasis was made through a CT-guided biopsy. He was further evaluated to determine the primary lesion, but without success. He underwent 30 sessions of local spine radiotherapy and two months later, a left transthoracic corporectomy (T12) was performed. On the sixth postoperative day he developed a severe occipital headache, with a high output through the chest tube (>650 ml/day). A chest X-ray revealed a left pleural effusion. Pleural fluid was as follows: pH 7.17, LDH 851 U/l, pleural/serum LDH ratio 1.9, pleural/serum protein ratio 0.9, pleural/serum glucose ratio 0.5, WBC count 0.15×10 9 /l (86% neutrophils).
On physical examination he was afebrile, without signs of a systemic inflammatory response. Examination of the respiratory, abdomen and cardiovascular systems were normal. He had an acute occipital headache with photophobia but without neck stiffness or focal signs. Laboratory findings displayed the following: haemoglobin 102 g/l, WBC count 12.9×10 9 /l, platelets, 203×10 9 /l. Electrolytes, hepatic and renal function tests were normal. CSF sample: WBC 0.1×10 9 /l (75% neutrophils), glucose 4.4 mmol/l, CSF protein 1.4 g/l and lactate 3 mmol/l with Gram-positive cocci. Antibiotic therapy was started with gentamicin plus vancomycin.
Radionucleotide cisternography (In 111 -DTPA) showed passage of the radioisotope into the pleural cavity ( Figure 1C and 1D) . The patient was initially treated with a lumbar drain, but high output through the chest tube persisted, so corrective surgery was required. CSF and blood cultures were positive for Enterococcus faecalis and he was treated with linezolid. He left the hospital without neurological deficits.
DISCUSSION
The term "duropleural fistula" 2 is used to describe the iatrogenic communication between the pleura and the subarachnoid space, resulting in a massive collection of CSF. The pathogenesis of this complication needs two components: a tear in the dura and a pressure gradient. Anterolateral 
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Anaesthesia and Intensive Care, Vol. 38, No. 1, January 2010 thoracotomy is the standard approach to the thoracolumbar spine and this requires an opening in the pleural cavity. Some discectomies need intradural microsurgery and the dura can also be eroded by calcified discs. These facts allow the formation of an abnormal connection between pleural and arachnoid spaces. The pressure gradient is created by the negative pressure of the pleural space and the CSF pressure (>0 mmHg). This permits large amounts of CSF to enter the pleural cavity, creating a sizeable-to-massive pleural effusion. When this effusion is drained, there is an increase in the gradient, resulting in more movement of fluid to pleural and low CSF pressure. As a consequence of low CSF pressure, headache occurs. The drainage of pleural fluid through a pleurocentesis or a chest tube may allow access of bacteria to the pleural space, with increased risk of CNS infection. A high degree of suspicion is required to establish the diagnosis of duropleural fistula. It might present as an asymptomatic liquid collection or up to a massive pleural effusion 3 . Frequently, symptoms related to pleural effusion such as chest pain or dyspnoea are slight. Symptoms that suggest a CSF leak include low CSF pressure headache, nausea and vomiting or signs of meningitis. A presumptive diagnosis may be made by the presence of β2 transferrin in the pleural fluid 4 , as it is found only in CSF and inner ear perilymph fluid. The test is both sensitive (100%) and specific (95%). Definitive diagnosis can be made by means of myelography or radionucleotide myelography 5 . Any isotope detection in the pleural space after injection into the spine confirms the diagnosis, but does not provide anatomical detail.
Spontaneous resolution is rare. There is no consensus for the management of duropleural fistula. It can be managed conservatively with pleurocentesis and a chest tube or surgically by repairing the fistula and duroplasty 4 . In most series, patients are finally treated surgically. The timing is controversial, with variable opinions of early intervention versus chest tube drainage and late surgery [5] [6] [7] [8] .
